Abstract This study examines the association between postoperative coronal tibiofemoral alignment and revision surgery in knee arthroplasty. We retrospectively reviewed the case notes and post-operative long-leg radiographs of 197 Kinemax knee arthroplasty with mean follow-up of 9 years (SD 2.2). They were divided into three groups: neutral, valgus and varus. Revision or decision to revise was used as a hard endpoint. There was no statistical difference among the three groups (p=0.78). We conclude that aseptic failure of a total knee is multifactorial. Coronal tibio-femoral alignment may not be as important a cause of failure as has been previously thought.
Introduction
The predictive value of post-operative coronal tibiofemoral alignment on the outcome of total knee replacement is a contentious issue. The orthopaedic literature contains numerous reports recommending that reproduction of the coronal tibiofibular angle close to anatomical valgus is likely to achieve improved outcome [2, 4, 5, 8, 9] . The rationale behind this hypothesis is that the inability to achieve perfect alignment would directly contribute to early failure.
Jeffery et al. [7] reported that a deviation of alignment of more than 3 degrees from the mechanical axis significantly increased the incidence of loosening of the Denham knee replacement. Conversely Smith et al. [11] reporting a series of Insall-Burnstein knee arthroplasties were unable to confirm the importance of alignment in the long-term survival of the prosthesis. The association between coronal alignment and revision surgery has not been previously studied using long-leg films.
In this study we retrospectively reviewed 197 knees using long-leg radiographs to examine the association between post-operative coronal alignment in total knee arthroplasty and revision sugery.
Methods and materials
In our institution all patients undergoing total knee replacement routinely undergo both pre-and post-operative long-leg films, showing the hip, knee and ankle all on one radiograph. Patients are routinely followed up at annual or biannual intervals indefinitely. This involves both clinical and radiological review. Accordingly we retrospectively reviewed long-leg radiographs and case notes of 153 patients who underwent 197 posterior cruciate retaining primary total knee replacements, performed between 1990 and 1993 under the care of a single consultant orthopaedic surgeon with a mean follow-up of 9 years (SD 2.2). The date of the last follow-up was determined by the last entry in the clinic notes.
One hundred and nine knees were operated on in female patients and 44 in male patients. The indications for surgery were osteoarthritis in 128 knees and rheumatoid arthritis in 69 knees. Mean age at operation was 64.9 (SD 8.9). All patients had postoperative long-leg anteroposterior plain radiographs from which coronal tibiofemoral alignment was measured. We performed measurements on the immediate post-operative films. Standard radiographic technique was applied to all using either 105×35 or 90×30 cm films with the distance from tube set to 260 or 200 cm, respectively. The tibio-femoral angle for each patient was measured. The angle is found by intersecting the femoral anatomical axis with the tibial anatomical axis. The 197 knees were classified into three groups according to the tibiofemoral angle:
1. Neutral group -4 to 9 of anatomical valgus; 2. Valgus group -from 9.1 degrees and above; 3. Varus group -from 3.9 degree and below.
Statistical analysis
Revision or decision to revise was used as a hard endpoint in this study. Statistical analyses were performed using the statistical software package SPSS version 13.0. First the data were subjected to descriptive analysis. The survival among the three groups was constructed using the Kaplan Meier survival curve (Fig. 2) .
Survival times were censored at 11 years as beyond that time follow-up appeared to be related to survival, which would result in biased survival estimates. Log rank test was used to show any significant difference in survival between the three groups.
Results
A total of 153 patients (197 knees) aged 35 to 84 years were involved in the study. Those knees were divided into three alignment groups, the neutral group (n=73), valgus group (n=58) and varus group (n=66). Table 1 shows that the three groups are comparable in terms of age, follow-up, pathology and BMI. Table 2 shows the number and median time of death post-operatively in the three alignment groups.
A total of six knees were revised because of aseptic loosening or instability. In our cohort there were no revisions because of infection. The distribution and cause of revisions among the three groups are shown in Table 3 . Figure 1 shows the value of the coronal tibio-femoral angle in the three alignment groups.
Revision or decision to revise was used as a hard endpoint. The survival among the three alignment groups was demonstrated using Kaplan Meier survival curve (Fig.  2) . Log rank test showed a p-value of 0.78.
Discussion
Many authors highlight the importance of accurate coronal alignment in influencing the outcomes of total knee replacement [1, 6, 7] . However, our results showed no Values are numbers (percentages) unless stated otherwise [6] predicts an unsatisfactory result if the alignment is not correct to within 5 degrees of the accepted range. He did not present analysed data to support this assertion. Ritter et al. [10] studied 421 posterior cruciate condylar total knee arthroplasties. In this study there were eight failures, five in the varus group, three in the neutral group and none in the valgus group. He concluded that the surgeons should strive to align the prosthesis in neutral or just a slight amount of anatomical valgus alignment. In his study Ritter reported only the total number of revisions in each group without stating the reason for revision, which could possibly bias the results if the revisions were for other causes not linked to malalignment, e.g., infection.
On the other hand Tew and Waugh [12] showed that malalignment was not the most important cause of failure in the knees that they studied. They observed the relationship between alignment and outcome in 428 knees using shortleg films and concluded that "incorrect" or "abnormal" alignment is not always associated with failure and, conversely, that failure is not always associated with malalignment.
The relationship between alignment and radiolucencies is not significant as shown by Harvey et al. [3] , who reviewed 101 knees with cemented tibial components with a minimum follow-up of 5 years to establish whether errors of alignment have a significant effect on the rate of radiological loosening of the prosthesis. Using two methods of assessing radiolucencies, there was a non-significant relationship between alignment and radiolucencies. Similarly Smith et al. [11] reviewed 65 Insall-Burnstein arthroplasties with a mean follow-up of approximately 4 years and found no relation between alignment and progressive radiolucent lines.
In our study we chose revision or decision to revise as the hard endpoint and did not determine and measure the radiolucent lines as it is a somewhat subjective process. Moreover these lines are affected by small changes in the projection angle.
With long-leg radiographs, there should be no difference in using either the mechanical or coronal axis. We used coronal alignment rather than the mechanical axis because it is more commonly used in the published work and allows for comparison.
Previous studies used short-leg films in assessing alignment, which can lead to inaccuracies when measuring the tibio-femoral alignment. In our study each patient had standing full-length post-operative radiographs taken in a standardised manner. This method has been shown to be more accurate than short-leg films in determining tibiofemoral alignment [13] . Peterson et al. [13] studied the anteroposterior radiographs of 50 knees to compare the tibiofemoral alignment as measured on short-leg films with that measured on long-leg films. The mean difference of the tibiofemoral angle measurements between short and long films was 1.4 0 ± 2 SD= − 3 to + 5. This was statistically significant (P<0.001).
Of the previous studies that investigated the relations between alignment and survival, our study has the longest follow-up (mean follow-up of 9 years). Our study used revision as the endpoint, but there may be other causes of failure in a knee replacement such as pain, asymptomatic loosening, etc., for which a revision has not been performed or planned. These factors, though important, fall beyond the purview of our study, which aims to evaluate whether there is an association between postoperative coronal alignment and revision surgery. Also we have analysed only coronal alignment and accept that sagittal and rotational malalignment may influence the revision rate. This can be the basis for further studies.
Our medium-to early long-term survival of total knee replacement does not seem to be significantly influenced by the immediate post-operative coronal alignment. This may be attributable to modern implants, which may be able to accommodate and withstand slight variations in the limb alignment. However, longer follow-up is required to confirm or repudiate our findings. If indeed longer followup confirms that post-operative alignment influences the survival and eventual outcome then the need for investment into various image and computer-guided systems to achieve a set tibiofemoral alignment can be investigated. Our results showed no significant association between post-operative radiographic coronal knee alignment and revision surgery in the groups studied at a median follow-up of 10 years. Therefore, postoperative alignment on its own does not appear to influence the outcome. We support the conclusion by Smith et al. [11] and Tew et al. [10] that alignment may not be as important a cause of failure as has been previously thought.
